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SECTION I

INTRODUCTION

Materials for United States Air Force advanced weapons
systems must meet new combinations of design load and damage tolerance
requirements as well as tightened economic. and environmental constraints.
New alloys and modifications in manufacturing processing or product forms
of existing alloys are continually being developed to meet these increased
demands. However, many potentially attractive materials or processes are
either in the final development stage or have just become commercially
available and, as such, engineering data adequate for comparison purposes
are not available.

The Air Force, in recognition of this fact, has sponsored
several programs at Battelle's Columbus Laboratories to provide compara-
tire engineering data for these materials and brocesses. The results of
{ .2se programs have been published in numerous technical reports, AFML-
TR-67-418, AFML-TR-68-211, AFML-TR-70-252, AFML-TR-71-249, AFML-TR-72-196;
Volumes I and II, AFML-TR-73-114, AFML-TR-75-97, AFML-TR-77-198, and
AFML-TR-78-179. AFML-TR-78-179 is a compilation of all the "data sheets"
previously published.

This report presents the results of evaluations of five materials.
These are as follows:

(1) ALCAN 7010-T73651 aluminum alloy plate
(2) Corona 5 titanium alloy plate

(3) 1IN-792 forged disk

(4) CT-91-T7E70 aluminum alloy bar (PM)
(5) A357-T6 aluminum alloy casting.

Detailed information concerning the properties of interest, test
techniques, and standard specimen drawings have been published in the
reports listed above and are not discussed herein. The data sheets issued
on this program are reproduced in the Appendix,




Alcan 7010-T73651 Aluminum Alloy

Material Description

Alloy 7010 has been developed over a number of years by Alcan
Laboratories Banbury and Alcan Plate Limited. The development aim was
for an alloy of different composition but with properties comparable to
Alloy 7050 as an equivalent material for use in the Panavia Tornado
program. The composition differences are:

(1) The use of high purity base aluminum to allow
control of the iron and silicon impurities,

(2) The use of zirconium instead of chromium and/or
manganese which makes it possible to achieve
higher strength in thick section and improve
exfoliation resistance, and

(3) The use of a higher copper content in order to
achieve good stress-corrosion resistance in
overaged tempers.

The material evaluated was 2-inch-thick plate with the following
composition:

Chemical
Composition Percent
Zn 6.30
Mg 2.47
Cu 1.80
Zr .13
Fe .06
Si .05
Ti .01
Cr <.01
Mn <.01
Al balance

Processing and Heat Treating

The material was evaluated in the as-received ~T73651 condition.
The specimen layout is shown in Figure 1.




Test Results

Tension. Tests were conducted at room temperature, 250 F (394 K),
and 350 F (450 K) for both longitudinal and long transverse specimens. Test
results are given in Table 1. Typical stress-strain curves at temperature
are presented in Figures 2 and 3. Effect-~of-temperature curves are shown
in Figure 8,

Compression. Tests were conducted at room temperature, 250 F
(394 K), and 350 F (450 K) for both longitudinal and long transverse
specimens. Tests results are given in Table 2. Typical stress-strain
and tangent-modulus curves at temperature are shown in Figures 4, 5, 6,
and 7. Effect-of-temperature curves are presented in Figure 9.

Shear. Tests were conducted at room temperature, 250 F (394 K),
and 350 F (450 K) for double-shear pin-type specimens in both the longitu-
dinal and long transverse directions. Tabular data are shown in Table 2.
Effect-~of-temperature curves are shown in Figure 10.

Bearing. Tests were conducted at ratios of e/D = 1.5 and e/D = 2.
at room temperature, 250 F (394 K), and 350 F (450 K) for both longitudinal
and long transverse specimens. Test results are given in Table 4. Effect-
of -temperature curves are shown in Figure 11.

Fracture Toughness. Compact-tension-type specimens in the
longitudinal (L-T) and transverse (T-L) directions were tested at room
temperature. Test results are given in Table 5.

Crack Propagation. Tests were conducted for longitudinal (L-T)
specimens at room temperature. Test results are shown in Figure 12.

Fatigue. Axial load fatigue tests were conducted for both
unnotched and notched transverse specimens at room temperature and
350 F (450 K). Tabular test results are given in Tables 6 and 7.
S§-N curves are presented in Figures 13 and 14.

Stress Corrosion. Tests were conducted using the Damage Tolerance
Design Handbook bolt-loaded double cantilever beam specimen. Initial Kigcc
value obtained was 34.9 ksi/In. (38.3 MPy - m'2) and 30.1 ksiVin.
(33.1 MP, « m2) at 995 hours.




Thermal Expansion. The coefficient of thermal expansion for

this alloy is 12.7 in./in./F x 10-® from 70 F to 212 F (22.9 w/(m - K)x 10-6
from 294 K to 373 K).

Density. The density of this alluy is 0.102 1b./in.3 (2.82 g/cm?).
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TABLE 1. RESULTS OF TENSILE TESTS FOR
ALCAN 7010-T73651 ALUMINUM

ALLOY PLATE
Ultimate 0.2 Percent Elongation
Tensile Offget Yield in 1 inch Reduction Tensile
Specimen Strength, Strength, (25.4 mm), in Area, Modulus,
Number ksi (MPa) ksi (MPa) percent percent 103 ksi (GPa)
Longitudinal at Room Temperature
1L-1 72.0 (496.4) 63.0 (434.4) 16 49.5 10.3 (71.0)
1L-2 72.8 (502.0) 63.7 (439.2) 15 42.7 10.4 (71.7)
1L-3 72.1 (497.1) 62.9 §433.72 14 41.8 10.4 (71.7
Average 72.3 (498.5) 63.2 (435.8) 15 44.7 10.4 (71.5)
Transverse at Room Temperature
1T-1 74.5 (513.7) 63.7 (439.2) 12 25.5 10.7 (73.8)
1T-2 74.1 (510.9) 63.6 (438.5) 11 29.0 10.7 (73.8)
1T-3 73.8 (508.9) 63.6 (438.5) 12 32.5 10.7 (73.8
Average 74.1 (511.1) 63.6 (438.8) 12 29.0 10.7 (73.8)
Longitudinal at 250 F (394 K)
1L-4 58.3 (402.0) 55.5 (382.7) 16 52.7 9.1 (62.7)
1L-5 59.9 (413.0) 56.7 (390.9) 12 34.4 9.9 (68.3)
1L-6 57.9 (399.2) 55.6 (383.4) 14 51.7 9.6 (66.2)
Average 58.7 (404.7) 55.9 (385.7) 14 46.3 9.5 (65.7)
Transverse at 250 F (394 K)
1T-4 60.9 (419.9) 57.3 (395.1) 10 46.1 9,7 (66.9)
1T-5 60.4 (416.5) 57.4 (395.8) 11 36.7 9.8 (67.6)
1T-6 60.5 (417.1) 57.7 (397.8) 14 43.5 9.7 (66.9
Average 60.6 (417.8) 57.5 (396.2) 12 42.1 9,7 (67.1)
Longitudinal at 350 F (450 K)
1L-7 47.7 (328.9) 45.8 (315.8) 14 57.5 8.7 (60.0)
1L-8 47.7 (328.9) 46.0 (317.2) 14 53.0 8.8 (60.7)
1L-9 48.0 (331.0) 46.1 (317.9) 11 32.0 8.9 (61.4)
Average 47.8 (329.6) 46.0 (316.9) 13 47.5 8.8 (60.7)
Transverse at 350 F (450 K)
1T-7 49.1 (338.5) 46.4 (319.9) 10 40.2 9.1 (62.7)
1T-8 50.5 (348.2) 48.2 (332.3) 20 42.5 9.2 (63.4)
1T-9 49.5 (341.3) 46.6 (321.3) 13 48.0 9.1 (62.7)
Average 49.7 (342.7) 47.1 (324.5) 14 43.6 9.1 (63.0)
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TABLE 2. COMPRESSION TESTS RESULTS FOR
ALCAN 7010-T73651 ALUMINUM
ALLOY PLATE

0.2 Percent Offset
Specimen Yield Strength, Compressive Modulus,
Number ksi (MPa) 103 ksi (GPa)

Longitudinal at Room Temperature

2L-1 63.9 (440.6) 10.1 (69.6)

2L-2 63.1 (435.1) 10.0 (69.0)

X 2L-3 63.2 (435.8) 9.9 (68.3)
. Average 63.4 (437.2) 10.0 (69.0)

Transverse at Room Temperature

2T-1 68.5 (472.3) 10.3 (71.0)

27-2 66.3 (457.1) 10.6 (73.1)

2T-3 68.4 (471.6) 10.7 (73.8)

Average 67.7 (467.0) 10.5 (72.6)

Longitudinal at 250 F (394 K)

2L-4 56.2 (387.5) 8.9 (61.4)
2L~5 57.1 (393.7) 8.9 (61.4)
2L~-6 57.3 (395.1) 9.1 (62.7
Average 56.0 (392.1) 9.0 (61.8)

h Transverse at 250 F (394 K)
2T-4 59.4 (409.6) 9.0 (62.1)
2T-5 60.5 (417.1) 9.1 (62.7)
2T-6 60.2 (415.1) 9.1 (62.7
Average 60.0 (413.9) 9.1 (62.5)

Longitudinal at 350 F (450 K)
2L-7 46.4 (319.9) 8.1 (55.8)
2L-8 47.2 (325.4) 8.5 (58.6)
2L-9 46.2 (318.5) 8.2 (56.5)
Average 46,6 (321.3) 8.3 (57.0)

Transverse at 350 F (450 K)
2T-7 49.0 (337.9) 8.4 (57.8)
2T-8 50.8 (350.3) 7.9 (54.5)
2T7-9 51.1 (352.3) 8.4 (57.8
Average 50.3 (346.8) 8.2 (56.7)




TABLE 3.

RESULTS OF PIN SHEAR TESTS OF
ALCAN 7010-T73651 ALUMINUM
ALLOY PLATE

Specimen
Number

Cltimate Shear Strength,
ksi (MPa)

Longitudinal at Room Temperature

3L-1
3L-2
3L-3

43,9 (302.7)
43.8 (302.0)
43.1 (297.2)
Average 43.6 (300.6)

Transverse at Room Temperature

3T-1
3T-2
3T-3

43.5 (299.9)
42.7 (294.4)
43.0 (296.5)
Average 43.1 (296.9)

Longitudinal at 250 F (394 K)

3L-4
3L-5
3L-6

35.5 (244.8)
34.7 (239.3)

33.6 (231.7)
Average 34.6 (238.6)

Transverse at 250 F (394 K)

3T-4
3T-5
3T-6

33.3 (229.6)
34.3 (236.5)

33.8 (233.1
Average 33.8 (233.1)

Longitudinal at 350 F (450 K)

3L-7
3L-8
3L-9

27.9 (192.4)
29.3 (202.0)
28.5 (196.5)
Average 28.6 (197.0)

Transverse at 350 F (450 K)

3r-7
31-8
31-9

27.8 (191.7)
26.1 (180.0)
28.6 (197.2)
Average 27.5 (189.6)




TABLE 4.

BEARING RESULTS OF e/D = 1.5 AND e/D = 2.0
FOR ALCAN 7010-T73651 ALUMINUM ALLOY PLATE

Bearing Ultimate Strength,

Bearing Yield Strength,

Specimen ksi (MPa) ksi (MPa)
Number e/D = 1.5 e/D = 2.0 e/D = 1.5 e/D=2.0
Longitudinal at Room Temperature
4L-1 116.7 (804.6) 150.0 (1034.3) 93.0 (641.2) 109.2 (752.9)
4L-2 117.2 (808.1) 152.2 (1049.4) 93.0 (641.2) 109.0 (751.6)
Average 117.0 (806.4) 151.1 (1041.8) 93.0 (641.2) 109.1 (752.2)
Transverse at Room Temperature
4T-1 116.7 (804.6) 150.3 (1036.3) 92.5 (637.8) 115.3 (795.0)
4T-2 118.0 (813.6) 149.3 (1029.4) 92,6 (638.5) 113.0 (779.1)
Average 117.4 (809.1) 149.8 (1032.9) 92.6 (638.1) 114.2 (787.1)
Longitudinal at 250 F (394 K)
41L-3 91.8 (633.0) 116.6 (804.0) 77.6 (535.1) 94.9 (654.3)
4L~-4 95.7 (659.9) 115.4 (795.7) 80.8 (557.1) 89.4 (616.4)
Average 93.8 (646.4) 116.0 (799.8) 79.2 (546.1) 92,2 (635.4)
Transverse at 250 F (394 K)
4T-3 94,7 (653.0) 118.5 (817.1) 81.5 (561.9) 94.0 (648.1)
4T-4 94.6 (652.3) 121.0 (834.3) 80.6 (555.7) 96.8 (667.5)
Average 84.7 (652.6) 119.8 (825.7) 81.1 (558.8) 95.4 (657.8)
Longitudinal at 350 F (450 K)
4L-5 79.3 (546.8) 95.9 (661.2) 67.2 (463.3) 79.9 (550.9)
41L-6 78.6 (541.9) 90.8 (626.1) 67.4 (464.7) 77.0 (530.9)
Average 79.0 (544.4) 93.4 (643.6) 67.3 (464.0) 78.5 (540.9)
Transverse at 350 F (450 K)
4T-5 74.1 (510.9) 93.2 (642.6) 65.7 (453.0) 81.2 (559.9)
4T-6 78.0 (537.8) 93.0 (641.2) 68.5 (472.3) 79.1 (545.4)
Average 76.1 (524.4) 93.1 (641.9) 67.1 (462.7) 80.2 (552.6)
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TABLE 6. AXIAL LOAD FATIGUE TEST RESULTS FOR UNNOTCHED
ALCAN 7010-T73651 ALUMINUM ALLOY PLATE AT A

STRESS RATIO OF R = 0.1

Specimen Maximum Stress, Lifetime,
Number ksi (MPa) cycles
Room Temperature
8-6 85 (586) 100
8-1 75 (517) 6,400
8-7 70 (483) 12,300
8-8 60 (414) 51,800
8-2 50 (345) (a)
8-3 50 (345) 33,600
8-40 50 (345) 3,540,000(b)
8-5 45 (310) 10,000,000(b)
8-4 40 (276) 10,000,000¢b)
350 F (450 K)

8-9 70 (483) 1
8-10 60 (414) 1
8-12 55 (379) 100
8-37 52.5 (762) 300
8-11 50 (345) 49,100
8-13 45 (310) (c)
8-14 45 (310) (c)
8-16 45 (310) 62,100
8-15 40 (276) 38,120€¢)
8-18 40 (276) 269,700
8-38 37.5 (259) 240,500
8-17 35 (241) 76,400(c)
8-20 35 (241) 757,200(c)
8-19 35 (241) 1,124,700
8-36 30 (207) 4,084,400
8-39 25 (172) 10,000,000(b)

(a) Failed in loading.
(b) Did not fail.
(c) Failed in threads.

i




TABLE 7. AXIAL LOAD FATIGUE TEST RESULTS FOR NOTCHED (K = 3.0)
ALCAN 7010-T73651 ALUMINUM ALLOY PLATE AT A STRESS
RATIO OF R = 0.1

Spacimen Maximum Stress, Lifetime,
Number ksi (MPa) cycles

Room Temperature

8-25 45 (310) 3,600
8-24 40 (276) 5,300
8-26 35 (241) 8,200
8-22 30 (207) 21,800
8-27 25 (172) 24,900
g-21 20 (138) /37,500
8-23 15 (103) 358,900

I3

350 F (450 K)

8-32 : 40 (276) 3,000
8-30 30 (207) 22,100
8-28 20 (138) 41,700
8-29 15 (103) 270,400
8-33 12.5 ( 86) 851,400
8-34 10 ( 69) 1,554,200
8-34 7.5 ( 52) 6,772,000(2)

(a) Did not fail.
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Corona 5 Titanium Alloy,

Alpha-Beta Processed

Material Description

Corona 5 is an alpha-beta titanium alloy recently developed
jointly by Rockwell International and Colt Industries under NAVAIR
sponsorship. The basic alloy was developed for fracture critical
applications in the aerospace industry. The alpha-beta processing
was chosen to allow optimization of both fracture toughness and
fatigue properties. Maximum fracture toughness alone would require
beta processing, but would also result in somewhat lower tensile
and fatigue values.

The material evaluated was supplied GFM as 2-inch-thick
plate with the following composition:

Chemical

Composition Percent
Al 4.4
Mo 5.1
Cr 1.46
Fe 0.20
C 0.065
02 0.183
N2 0.011
H, 0.0018
Ti Remainder

Processing and Heat Treating

The plate was alpha-beta rolled from 1650 F (1172 K). The material
was then heat treated as follows: duplex alpha-beta annealed at 1685 F
(1192 K) for one-half hour plus 1525 F (1103 K) for 4 hours, air cool,
plus age at 1300 F (978 K) for 6 hours, air cool.

The specimen layout is shown in Figure 15.

Test Results

Tension. Results of tensile tests at room temperature, 400 F (478 K),
and 800 F (700 K) are shown in Table 8 for both longitudinal and long transverse
specimens. Typical stress-strain curves at temperature are presented in Figures
16 and 17. Effect-nf-temperature curves are shown in Figure 22.
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Compression. Compression tests were conducted for specimens in
both the longitudinal and long tranverse directions at room temperatire,
400 F (478 K), and 800 F (700 K). Results are presented in Table 9.
Typical stress-strain and tangent-modulus curves at temperature are shown
in Figures 18 through 21. Effect-of-temperature curves are shown in
Figure 23.

Shear. Results of pin-shear type tests are given in Table 10
for longitudinal and long transverse specimens at room temperature,
400 F (478 K), and 800 F (700 K). Effect-of-temperature curves are
presented in Figure 24.

Bearing. Tests were conducted at room temperature, 400 F (478 K),
and 800 F (700 K). These tests were performed for both longitudinal and
long transverse specimens at e/D = 1.5 and e/D = 2.0. Results are given
in Table 11. Effect-of-temperature curves are presented in Figure 25.

Fracture Toughness. Compact~tension type specimens were tested
at room temperature for longitudinal (L-T) and transverse (T-L) directioms.
These tests proved invalid because of "bellied" crack front. However,
additional tests were performed and the valid results for L-T sp?cimens
are 60.5 ksiv/in. (66.5 MP; - m%2) and 59.9 ksi/in. (65.8 MP, - m'2) for
T-L specimens. Results are given in Table 12,

Fatigue. Results of axial-load fatigue tests on unnotched and
notched transverse specimens at room temperature and 800 F (700 K) are
given in Tables 13 and 14. S-N curves are shown in Figures 26 and 27.

Creep and Stress Rupture. Tests were conducted at 800 F (700 K)
on transverse specimens. Results are given in Table 15. Log-stress versus
log-time curves are presented in Figure 28.

Thermal Expansion. The coefficient of thermal expansion for
this alloy is 6.1 in./in./F x 10-% for room temperature to 800 F
(11.0 m/fn *+ K)x 107® for room temperatureto 700 K).

Density. The density for this material is 0.164 1b./in3
(4.539 g/cm?).




TABLE 8. TENSILE TEST RESULTS FOR ALPHA-BETA PROCESSED
CORONA 5 TITANIUM ALLOY PLATE
0.2 Percent
Ultimate Offset Elongation
Tensile Yield in 2 Inches Reduction Tensile
Spec imen Strength, Strength, (50.2 om), in Area, Modulus,
Number ksi  (MPa) ksi  (MPa) percent percent 103 ksi (GPa)
Longitudinal at Room Temperature

1L-1 136.7 (942.3) 135.4 (933.6) 10 7 16.5 (113.8)
1L-2 138.3 (953.6) 135.6 (935.0) 8 20 16.5 (113.8)
1L-3 141.2 (973.6) 138.4 (954.3) 4 13 16.5  (+13.8)
Average 138.7 (956.6) 136.5 (940.9) 7 13 16.5 (113.8)

Transverse at Room Temperature
1T-? 131.6 (907.4) 129.4 (892.2) 14 2¢ 15.5 (106.9:
1T-2 130.7 (901.2) 127.1 (876.4) 14 20 15.2 (104.8)
1T-3 132.2 (911.5) i27.9 (881.9) 12 2¢ 15.6  (108.9)
Average 131.5 (906.7) 128.1 (883.35) 13 2a 1375 (106.9)

Longitudinal at 400 F (478 K-
1L-4 113.8 (784.7° 101.5 (695.8; 20 60.2 5.8 (10& .9
L-5 111.1 (766.0) 98.0 (675.7) 1¢ 55.5 4.8 (10z2.0:
LL-¢ 111.9 (771.6) 100.0 (689.5; Eg 56.1 14.7 _(101.4)
Average 112.3 (774.1) 99.8 (688.4) 19 57.8 15.1 (104.17

Transverse at 400 F (47¢ X)

1T &4 110.2 (759.8) 95.8 {660.5) 17 42.2 15.6 (107.6°
1T-5 107.4 (740.5) 95.4 (657.8) 20 55.6 t4. 4 (99.3;
1T-6 108.8 (750.2) 96.5 (6£5.4) 18 51.7 14,4 (92.3)
Average 106.8 (750.27  95.9 (66l1.7" 8 45T 7S 6 T )

Longitudinal at 800 F (700 K.
1L-7 96.8 (667.2) 31.5 (563.8) 17 67.5 1z.° (87.5
1L-8 98.3 (677.6; 85.4 7589.0: 17 71.¢ 13.¢ (85.6:
1L-9 57.8 (674.4) 35.6 (590.5) v 69.7 2.8 (9.2
Average 97.6 (673.1 843 (581.1Y 17 5877 3. 736.3)

Transverse at 800 F (70C X"

17-7 93.7 (646,01} 76.9 (530.1) 19 56, 15.° (9C. 3
L T-8 88.5 (610.0: 73.2 7504.5) 20 bb,! 13 (9G.3
1T-9 90.6 (624.71 75.5 (520.4; 21 586.¢ VoL 9. 1
Average 90.3 (627.0) 752 BIETD p1o] 50.3 iz €I




Y. COMPRESSIVE TEST RESULTS FOR ALPHA-BETA
PROCESSED CORONA 5 TITANIUM ALLOY PLATFE

0.2 Percent Offset Compressive
Specimen Yield Strength, Modulus,
Number ksi (MPa) 103 ksi  (GPa)
Longitudinal at Room Temperature
2L-1 142.0 (979.1) 15.7 (108.3)
2L-2 142.3  (981.2) 16.7 (115.1)
2L-3 143.6 (990.1) 17.2  (118.6) ]
. Average 142.6 (983.5) 16.5 (114.0) 4
3 Transverse at Room Temperature
2T-1 153.8 (1060,5) i (120.0)
2T-2 156.1 (1076.3) 5.1 (124.8)
2T-3 154.8 (1067.3) 17.8 (122.7)
Average 154.9 (1068.0) 17.8 (122.5)
Longitudinal at 400 F (478 K)
h} A 102.6  (707.4) 13.9 (95.8)
2L-5 102.3  (705.4) 14.6 (100.7)
2=k 04,1 (717.8) 15.0 (103.4)
\ Average 103.0 (710,20 14.5 (100.0)
Transverse at <400 F {478 X)
ST V1.7 1770.2) 15.4 {106.2)
Yros el {75901 '5.8 .108.9)
- O8a (747 04 8.2 "104.8)
Averay 1001 (758.9) 5.5 106.6)
—ensotucinal at 30C 7 U0 X)
(3o a9 i54b 2.4 85.5)
21.-3 g 847.° 2.2 8a.1)
L9 WLl 552,05 13,4 L92.,4)
Ve RV NN 2.7 87.3)
Thmaverse at 00§ Tl
L AN e 32 .4)
- DRG0 8¢.9) f
- g 56~ H 81,00 '
b TR S a0, L) 1
i
\ - \ T




TABLE 10. SHEAR PIN TEST RESULTS FOR ALPHA-BETA
PROCESSED CORONA 5 TITANIUM ALLOY PLATE

Specimen Ultimate Shear Strength,
Number ksi (MPa)

Longitudinal at Room Temperature

3L-1 78.2 (539.2)
3L-2 86.2 (594.3)
3L-3 84.9 (585.4)
Average 83.1 (573.0)
Transverse at Room Temperature
3T-1 89.3 (615.7)
3T-2 90.1 (621.2) 1
3T-3 87.0 (599.9)
Average B88.8 (612.3)

Longitudinal at 400 F (477 K)

3L-4 73.5 (506.8)
3L-5 72.9 (502.6)
3L-6 71.3 (491.6)
Average 72.6 (500.3)

Transverse at 400 F (477 K)
3T-4 73.9 (509.5)
3T-5 74.4 (513.0)
3T-6 72.3 (498.5)
Average 73.5 (507.0)

Longitudinal at 800 F (700 K)
3L-7 60.5 (417.1)
3L-8 60.3 (415.8)
3L-9 60.6 (417.8)
Average 60.5 (417.1)

Transverse at 800 F (700 K)

3T-7 60.5 (417.1)
3T-8 59.6 (410.9)
3T-9 62.9 (433.7)

Average 61.0 (420.6)




B ———

TABLE 11. RESULTS OF BEARING TESTS AT e/D = 1,5 AND e/D = 2.0 FOR
ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE

Bearing Ultimate Bearing Yield §

Specimen Strength, ksi (MPa) Strength, ksi (MPa)
Number e/D = 1.5 e/D=2.0 e/b=1.5 e/D = 2.0
Longitudinal at Room Temperature :
4L-1 201.6 (1390.0) 267.0 (1841.0) 195.7 (1349.4) 228,7 (1576.9) ‘
4L-2 211.9 (1461.1) 272.6 (1879.6) 198.4 (1368.0) 243.3 (1677.6)
4L-3 212.8 (1467.3) 268.5 (1851,3) 195.1 (1345.2) 241.9 (1667.9)
Average 208.8 (1439.4) 269.4 (1857.3) 196.4 (1354.2) 238.0 (1640.8)

Transverse at Room Temperature

4T-1 234,9 (1619.6) 302.1 (2083.0) 203.8 (1405.2) 255.7 (1763.1)

4T-2 233.9 (1612.7) 298.8 (2060,2) 211.0 (1454.8) 252,6 (1741.7)

4T-3 227.8 (1570.7) 297.1 (2048.5) 198.8 (1370.7) 246.2 (1697.5)

Average 232.2 (1601.0) 299.3 (2063.9) 204.5 (1410.3) 251.5 A73%.1)
Longitudinal at 400 F (478 K)

4L-4 183.5 (1265.2) 221.6 (1527.9) 156.5 (1079.1) 181.2 (1249.4)
4L-5 182.,2 (1256.3) 232.4 (1602.4) 154.7 (1066.7) 183.9 (1268.0)
Average 182.9 (1261.1) 227.0 (1565.2) 155.6 (1072.9) 182.5 (1258.7)

Transverse at 400 F (477 K) !

4T-4 194.1 (1338.3) 246.0 (1696.,2) 161.2 (1111.5) 190.1 (1310.7)
4T-5 197(7 (1363.1) 237.7 (1638.9) 167.0 (1151.5) 188.3 (1298.3)
; 4T-6 ula) Ty 236.4 (1630.0) U U 185.3 (1277.6)
i Average 195.9 (1350.7) 240.0 (1655.0) 164.1 (1131.5) 187.9 (1295.6)

Longitudinal at 800 F (700 K)
] 4L~6 181,5 (1251.4) 194.9 (1343.8) 128.9 (888.8) 146.0 (1006.7)
4L-7 200.0 (1379.0) 198.6 (1369.3) 128.8 (888.1) 149.2 (1028.7)
Average 190.8 (1315.2) 196.8 (1356.6) 128.9 7(888.8) 147.6 (1017.7)

Transverse at 800 F (700 K)
4T-7 U U 202.8 (1398.3) 133.8 (922.6) 158.7 (1094.2)
4T-8 219,8 (1515.9) 208.9 (1440.4) 132.1 (910.8) 160.8 (1108.7)
4T-9 204.5 (1410.0) 210.0 (1448.0) 133.1 (917.7) 160.0 (1103.2)
Average 212.2 (1462.9) 207.2 (1428.9) 133.0 0I7.0) 159.8 (1102.1)
(a) U, unavailable,
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TABLE 13. AXIAL LOAD FATIGUE TEST RESULTS FOR UNNOTCHED
ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY
PLATE AT A STRESS RATIO OF R = 0.1

Specimen Maximum Stress, Lifetime,
Number ksi (MPa) cycles '
Room Temperature
8-12 110 (758) 1,000
8-1 100 (690) 7,400
8-4 95 (655) 976,840
8-3 90 (621) 1,420,400
8-2 80 (552) 4,362,220
8-5 75 (517) 2,565,500
8-6 65 (448) 2,750,450
8-7 55 (379) 10,017,650(2)
800 F (700 K)
8-13 90 (621) 1
8-14 85 (586) 11,600
8-8 80 (552) 9,740
8-15 75 (517) 4,581,360
8-9 70 (483) 13,690
8-11 65 (448) 3,076,730
8-10 55 (379) 10,000,000(a)
{ay Did not fail.
,i
5
|
]
3
!
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TABLE 14. AXIAL LOAD FATIGUE TEST RESULTS FOR NOTCHED
(K¢ = 3.0) ALPHA-BETA PROCESSED CORONA 5
TITANIUM ALLOY PLATE

Specimen Maximum Stress, Lifetime,
Number ksi (MPa) cycles

Room Temperature

8-4 80 (552) 4,040
8-5 60 (414) 10,250
8-1 50 (345) 20,780
8-6 40 (276) 36,880
8-2 30 (207) 104,450
8-3 20 (138) 10,938,000(a)

800 F (700 K)

8-10 70 (483) 3,870
8-8 60 (414) 8,670
8-7 50 (345) 35,420
8-13 45 (310) 319,090
8-9 40 (276) 4,695,890
8-11 35 (241) 40,600
8-12 30 (207) 10,000,000€a)

(a) Did not fail.
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STRESS, 1000 PSI (X10 ")

15.000 ~ 1000 '
= |
RT 1
12.500
—1 800 l
10.000 - 400 F (478 K)
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00 800 F (700 K)
7.5 -
‘ ]
[
_T 400
5.000 r—
2.500 |-
0.000 L 1 . - .
0.000 . 002 .004 . 006 .008 .010
Strain, inch/inch (cm/cm)
FIGURE 17. TYPICAL TENSILE STRESS-STRAIN CURVES AT TEMPERATURE FOR

ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
(LONG-TRANSVERSE)
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FIGURE 18. TYPICAL COMPRESSIVE STRESS-STRAIN CURVES AT TEMPERATURE

FOR ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
(LONGITUDINAL)
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FIGURE 19. TYPICAL COMPRESSIVE TANGENT-MODULUS CURVES AT TEMPERATURE
FOR ALPHA~BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
(LONGITUDINAL)
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FIGURE 20. TYPICAL COMPRESSIVE STRESS-STRAIN CURVES AT TEMPERATURE
FOR ALPHA--BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
(TRANSVERSE)
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FIGURE 21. TYPICAL COMPRESSIVE TANGENT-MODULUS CURVES AT TEMPERA™ 'RE

FOR ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLAT:
(LONG-TRANVERSE)
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FIGURE 22. EFFECT OF TEMPERATURE ON THE TENSILE PROPERTIES OF

ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE

Tensile Strength, MPa

Modulus, E, GPa




160
— [«
z O CYS (L) a
= o= O\ D cys(m |00 =
N <
2 \\\\\\ o
£ 120[— NN $
(:,: \§\ - %
2 100}— 2
5 N> 2
o -~'-_""' &
: o ==

] —4500

O [
i 1 ! | | 8

20
z O Ec (L) — 130 E
o i8h— O Ec (T &
| -—_ —12C o
< LJ
I wooief— —iwo
45 -3-
g , | : ! —{s0 =

0 200 400 800 800 1000

478, {700)
Temperature, F (K}

SIGURE 23. EFFECT OF TEMPERATURE ON THE COMPKESSIVE PROPERTIES OF
ALPHA-BETA PROCESSED JCRONA 5 TITANIUM ALLOY PLATE




100
—4650 o]
.‘7) O_
2 —4e00 2
£ : £
o —550 &
= ‘ &
£ 500 £
) ’T &
S 450 5
2 1*° 8
o —{400 ©
50 | l f —Jsso
0O . 200 400 600 800 1000
(478) {700,
Temperature, F(K)
FIGURE 24. EFFECT OF TEMPERATURE ON THE SHEAR STRENGTH OF
ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
250
e/D=I.
D5 5 gusm o BUs (L) oo ©
3 oogl A BYS(T) & BYS(LI S
< y e
o . \ —41400 5
| & 200}~ S 5
( = S 2
) o
o 175 4— \\\\ —-41200 o
O T
g PO ~<I~o —lioco &
l | Q‘é
125 | . '
350
2 300}— BYS (L)
= O BUS(T) —{20002
=) A BYS (T) £
& 250} o
& g
7 200 —}1500 =
e 0 e o
s §\ g
@ 150 - —41000 §
[V e} . [ [oo)
100 i . —— 4
0 200 400 600 80C 1000
(478) (700"
Temperature, F {K)
vlote 2., EFFEST OF TEMPERATURE O} THE BEARIN. PROPERTIES O
AlLPHA=BETA PROCESSEI- ZORON& & TITANIT™ ALLOY PLAT : 1




Maximum Stress, ksi

Moximum Stress, ksi
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FIGURE 26. AXIAL LOAD FATIGUE BEHAVIOR OF UNNOTCHED ALPHA-BETA
PROCESSED CORONA 5 TITANIUM ALLOY PLATE
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FIGURE 27. AXIAL LOAD FATIGUE BEHAVIOR OF NOTCHED (K = 3.0)

ALPHA-BETA PROCESSED CORONA 5 TITANIUM ALLOY PLATE
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A357-T6 Aluminum Alloy Casting

Material Description

This aluminum alloy is one of the older, more widely used casting
allovs. The particular casting used ior this evaluation was obtained GFM
from the Boeing Cast Aluminum Structures Technology (CAST) program (Air
Force Contract F33615-76-C-3111). Several technical reports have been
issued on this contract. These are AFFDL-TR-77-36, AFFDL-TR-78-62,
AFFDL-TR-78-7, and AFFDL~TR-79-3029. Development history and detailed
information regarding the casting 1s available in these documents and
is not detairied in this report.

Processing and Heat Treating

Specimens were sectioned primarily from the thicker sections
of the casting. Specimens were tested in the as-received-T6 temper.

Test Results

' Tension. Results of finsile tests at reom tremperature, 250 T 394 Y,
( and 350 F (450 K) are viven ip Palb e 6. Typical stress-strain curves at ;
H temperature are showr i=n Yigure (Y. Fillect-ol-temperature Curves are

sresented in Figure 70,

Compression. Re:ults o ceancession tests are shcwn o Tabie U
i o om temperature, 256G 0 39 o0 oad 300 GLS0 K, Tup cal stress-sttoon
ane fanga2nt-modulus curves ore oresslced cn Tipares 30 avd G000 Fitect-T-
Temie vatures Jurves ire soown T o ot

RN, — et e

Shedr.  Pin shedar tese CLlis 4t L oam temper.r ., S0 R D0 WY
L Lol 450 Ky are given .n Table o =, TEo e et empeTa e TUYTe L AaTe Siven
. ~ure 4
!
. !
%e’-;lr‘ing. Rewis T v ety tegrs 0t g - . e e = :
Cruom temuerature .l T Fho ane 50T e ) sre 2aven v Dabje !
rerr—al-remneratury oLty L dre oW cu T Ieurao I}




Fracture Toughness. Compact tension type tests were conducted
on three specimens. One specimen failed during precracking. The other
two specimens (1.5 inches thick) were tested and gave an average, valid
Kic value of 21.1 ksivin. (23.2 MPa . m%)

Crack Propagation. Tests were conducted on three specimens at
room temperature. The data obtained are presented in Figure 36.

Fatigue. Results of axial load fatigue tests for unnotchec and
notched specimens at room temperature and 350 F {450 K) are given in
Tables 20 and 21. S-N curves are shown in Figures 37 and 38.

m expansion for

F Thermal txpansion. The coefficient of thermal
2 F {21.6 m/en - K)x 10-¢

this alloy is 12.0 in./in./F x 147° from 68 to 2i?2
irom room temperature to 373 K.

Density. The densitv of £357 castings 18 {097 it. /in?
(2.68 g/cmgyi
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RESULTS OF COMPRESSION TESTS ON
A357-T6 ALUMINUM ALLOY CASTING

0.2 Percent
Offset Yield
Strength, ksi(MPa)

Compressive
Modulus, ksi(GPa)

Room Temperature

2-1 42.6 (293.7) 10.4 (71.7)
2-2 46.0 (317.2) 10.9 (75.2)
2-3 44.7 (308.2) 11.0 (75.8)
44.4 (306.4) 10.8 (74.2)

250 F (394 K)
2-4 38.1 (262.7) 10.0 (68.9)
2-5 40.1 (276.5) 10.4 (71.7)
2-6 36.9 (254.4) 9.3 (64.1)
38.4 (264.5) 9.9 (68.3)

350 F (450 K)
2-7 34.2 (235.8) 8.2 (56.5)
2-8 36.0 (248.2) 9.0 (62.1)
2-9 32.8 (226.2) 8.2 (56.5)
34.3 (236.7) 8.5 (58.4)
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TABLE 18. RESULTS OF PIN SHEAR TESTS ON
A357-T6 ALUMINUM ALLOY CASTING

Shear Ultimate
Strength, ksi(MPa)

3 Average

|
~

Average

3-8
3-0
=10
Average

Room

Temperature

33.
32,
33.

(233.4)
(221.1)
(228.0)

.9 (233.8)

33.

N{O = — 6

(229.1)

(394 K)

(199.8)
(205.7)

.1 (200.5)

Wl oo © |

)

(202.0)
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TABLE 19. RESULTS OF BEARING TESTS AT e/D = 1.5
AND e/D = 2.0 FOR A357~T6 ALUMINUM
ALLOY CASTING
Specimen Bearing Ultimate Bearing Yield
Numbey Strength, ksi(MPa) Strenpth, ksi(MPa)
Room Temperature

/D = 1,5 e/D = 2.0 e/D = 1.5 /D= 2.0
4-1 82.4 (568.1) 95.8 (660.5) 66.7 (459.9) 78.35 (541.3)
4--2 80.0 (551.6) 103.8 (715.7) 65.1 (448.3) 82.a 5h8.1)
4-3 76.4 (526.8) 97.9 (675.0) 65.7 (553.0) €i.4 1561,
Average 79.6 (548.8) 99.2 (683.8) 65.8 (453.9) 8C.8 (556.9)

250 F (394 K)
4=, 64.5 (443.3) 86.9 (599.2) 53.7 (370.7) 67.0 (462.0)
45 65.0 (448.2) 85.7 (590.9) 55.9 (385.4) 68.6 (473.0)
4= 5.0 (448.2) 86.2 (594.3) 51.0 (351.6) 68.0 (468.9)
Average 64.7 (445.8) 86.3 (594.8) 53.5 (369.1) 67.9 {(467.9)

350 F (450 K)
50,3 (LUK 71,9 (495,8) 51.7% ¢353.7% & ALY
XU RYENE 0,1 (4838 G300 3tGgLar n alte . 0}
R R R AL I U0 81T L e i,

Leerane RN TIUTRGS EREEEEN ;
\
» . \‘ ‘\
et i s S iaibiiittniticidiatnste "




TABLE 20 . AXIAL LOAD FATIGUE TEST RESULTS FOR
UNNOTCHED A357-T6 ALUMINUM ALLOY
CASTING AT A STRESS RATIO OF R = 0.1

Specimen Maximum Stress
Number ksi(MPa)

Cycles
to Failure

Room Temperature

8-7 55 (379)
8~6 50 (345)
8~4 40 (276)
8-1 30 (207)
8~2 20 (138)
8-3 15 (103)
8~8 15 (103)
8-5 12,5 ( 86)
350 F (450 K)
8~11 40 (276)
8-16 35 (241)
8-15 30 (207)
8-13 25 (172)
8-12 20 (138)
8-14 15 (103)

(a)

5,133

14,467

56,744

320,666

1,542,425

1,914,981
10,309,715¢b)

4,980
23,154
42,929

154,342
540,300
10,000,000(b)

(a) Failed in loading.

(b) Did not fail.




TABLE 21. AXIAL LOAD FATIGUE RESULTS FOR NOTCHED
(K¢ = 3.0) A357-T6 ALUMINUM ALLOY
CASTINGS AT A STRESS RATIO OF R = 0,1

Specimen Maximum Stress, Cycles
Number ksi(MPa) to Failure

Room Temperature

8-24 25 (172) 37,721

8-29 22.5 (155) 59,171

8-21 20 (138) 177,369

8-26 17.5 (121) 395,341 !
- 8-28 17.5 (121) 527,915

8-23 15 (103) 361,132

8-27 12.5 ( 86) 788,818

8-25 10 ( 69) 10,000,000¢a)

350 F (450 K)

8~37 30 (207) 7,466
8-36 27.5 (190) 10,939
8-35 25 (172) 22,126
8-33 22.5 (155) 45,781
8-31 20 (138) 54,381
8-32 17.5 (121) 203,975
‘ 8-34 15 (103) 500,941
8-38 12.5 ( 86) 1,637,092
8-30 10 ( 69) 14,504 ,786(a)

(a) Did not fail.
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IN-792 PM Disk (HIP)

Material Description

IN-792 is a nickel-base alloy developed by the International
Nickel Company primarily for high-temperature turbine disk usage. The
material evaluated on this program was supplied by the Air Force with
the information that it was a powder metallurgy product that had been
Hot Isostatic Pressed (HIP) at 15 ksi pressure at 2200 F for 4 hours
and slow-cooled.

Processing and Heat Treating

The disks were heat treated in accordnace with the following
procedure: 2150 F/2 hours, air cool, plus 1400 F/16 hours, air cool,
plus 1250 F/16 hours, air cool.

A thermocouple was attached to the outside rim of two disks.
The four disks were then placed in a gas-fired oven and positioned as
instructed by AFML. After 2 hours at 2150 F, the disks were removed
from the furnace and placed in a box. To slow cool at the desired
rate (50 -100 F/min.), an insulator (exploded mica) was immediately
poured into the box to cover the disks. When cooling fell below the
desired rate, the insulator was removed and the disks were allowed to
stand in still air until the rate fell off. A fan was then allowed to
blow circulating air over the disks to maintain the desired rate.

A photograph of a disk is shown in Figure 39. Tension, compres-
sion, shear, and creep specimens were sectioned from the hub. Other
specimen types were taken from the rim area.

Test Results

Tension. Tests were conducted at room temperature and 800 F
(700 K). Results are given in Table 22. Typical stress-strain curves
at temperature are presented in Figure 40. Effect-of-temperature curves
are shown in Figure 43.

Compression. Tests were also conducted at room temperature
and 800 F (700 X). Test results are given in Table 23. Typical compres-
sive stress-strain curves at temperature are shown in Figure 41. Tangent-
modulus curves are presented in Figure 42, Effect-of-temperature curves
are shown in Figure 44.




Shear. Results of pin-shear type tests at room temperature and
800 F (700 K) are given in Table 24, Effect-of-temperature curves are
shown in Figure 45.

Bearing. Bearing tests at e/D = 1.5 and e/D = 2.0 at room
temperature and 800 F (700 K) are given in Table 25. Effect-of-tempera-
ture curves are shown in Figure 46.

Fracture Toughness. Compact tension type tests were conducted
at room temperature. Test results are given in Table 26.

Crack Propagation. Crack propagation tests were conducted at
room temperature. The data obtained are shown in the da/dN versus
delta K plot in Figure 47.

Fatigue. Results of axial load fatigue tests for unnotched and
notched (K. = 3.0) specimens are given in Table 27. S-N curves are pre-
sented in Figures 48 and 49.

Creep and Stress Rupture. Tests were attempted at 1000 F (811 K).

Very little creep occurred and the test temperature was raised to 1250 F
(950 K) and eventually to 1500 F (1089 K). Test results are given in
tabular form in Table 28. and as log-stress versus log-time curves in
Figure 50.

Density. The density for IN-792 alloy is 0.298 1b/in3 (8.25 g/cm3).
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TABLE 23. RESULTS OF COMPRESSION TESTS ON IN-792
PM DISK (HIP)

0.2 Percent Compressive
Specimen Offset Yield Modulus,
Number Strength, ksi(MPa) 103 ksi(GPa)

Room Temperature

2-1 173.0 (1192.8) 32.0 (220.6)

2-2 170.0 (1172.1) 31.3 (215.8)

. 2-3 170.1 (1172.8) 33.3 (229.6)

i Average  171.0 (1179.3) 32.2 (222.0)
800 F (700 K)

2-4 168.1 (1159.0) 29.8 (205.5)

2-5 170.1 (1172.8) 30.0 (206.9)

2-6 164.7 (1135.6) 31.3 (215.8)

Average  167.6 (1155.8) 30.4 (209.4)




TABLE 24, RESULTS OF PIN SHEAR TESTS ON IN-792 PM

DISK (HIP)
Specimen Shear Ultimate |
Number Strength, ksi(MPa) :
1
i
Room Temperature !
3-1 126.6 (873.0) !
3-2 127.9 (881.9) !
3-3 127.2 (877.4) i
Average 127.2 (877.4) |
800 F (700 K)
3-4 130.0 (896.4) 5
3-5 121.7 (839.1)
3-6 122.6 (845.3)

Average 124.8 (860.3)

65




B s S P el ooy ar e et S0ttt e oo oA -t -

(8°9661) 9 687 (L796ST) 9°T¢C (8°86CC) ¥ €Le (6°6S8T) 7°692 98easay
(0°€002) S°062 (G 5L6T) 6°8ZC (L°v677) 8°TLC (€7 1€81) 97592 9-Y
(6°096T) v 482 (6°6L6T) §°82C (0°%S2T) 6°92¢ (8°606T) ¥%°9LC S-%
(y°9202) 6°£67 (6°8€91) L™ LET (1°L%€2) % 0O%E (9°0£8T) S°59¢ 7=y
0z = @/? ¢'T = a/? 0°z = Q/3 S°'T = a/? ©
(1 002) 4 008 0
(6°6881) T %.iC (0°TZ91) T°s¢ee (G 18€C) ®°S%E (1°%€8T) 0°997 98exsay
(6°8.8T) S it (6°8€9T) L'L£T (L°9L€7) L y%¢E (%7°€S8T) 8°89¢C e-y
(9°0LLT) 8°94C (6°G6ST) ¥ 1t (L°9€€2) 6°8tE (€°1€8T) 9°69¢ -y
(2°0202) 0°€62 (€°629T) £°9¢C (1°62%2) S TSE (€°8T8T) £°€£92 T-%
0'¢ = a/? ST = d/? 0'¢ = d/@ ¢'T = a/@
91N1B13GWa] WOO0Y
(edW) ISy ¢ uisduaiaig (edW) TSy ‘yisduaias I2quny
PTI2TA 3utieagq a3ewtlTn Butraesg uswyoadg

(dIH) MSIA Wd 76/-NI
404 0°Z = Q/@ NV §'T = @/2 1V SISAL ONI¥VAd 4O SI1ASAd  °ST 418VL




R e AN A S s ctinti. . B . oHER D A s

*o13ea cm\xmam 01 anp (g pue T uamyoadg) prrTEAUL (B) 1
(0°66) 0706 (ogog) 0899  (0€87) 0%T9  (98°61) 1I8L" (SL°%T) 9086° (1°8€) §°'T £-9
Anvﬁo.ﬂod %76 (Lv9g) 0%08  (v80€) 0089  (ET°6T) ESL° (SL°%T) 9086G" (1°8¢) ¢'1 -9
(e)(1°28) L°%L (09%2) szs9  (S61Z) Ov8%  (9S°0Z) %608° (SL°%T) 908S" (1'8¢) S§°'1 -9
(zm + ®dW) "UIr1sy (3M) ‘rsq1 (31) f-sqr (waz) youg (uww) yourt (unu) saydsuy I1aquny
«Oy ‘Xeu .om ‘e “yoel) ‘g ‘ssauydTYl ‘M O‘UYIPTM uawroadg

(dIH) MSIQ Wd 26L/-NI NO MINIVIIIWIAL WOO¥ LV
SIS31 SSIANHONOL FUNLIVYA NOISNIL IIOVAWOD A0 SITASIY 97 FTAVL




TABLE 27 . AXIAL LOAD FATIGUE TEST RESULTS FOR IN-792
PM DISK (HIP) AT A STRESS RATIO OF R = 0.1

Specimen Maximum Stress, Cycles
Number ksi(MPa) to Failure
Unnotched,
Room Temperature
8-12 180 (1241.1) 11,300
8-13 170 (1172.2) 22,250
8-11 160 (1103.2) 69,780
8-10 150 (1034.3) 60,120
8-14 145 ( 998.8) 292,750
8-15 135 ( 930.8) 2,961.140
8-18 130 ( 896.4) 2,808,420
8-19 120 ( 827.4) 10,000,000 (2)

Notched (K¢ = 3.0),
Room Temperature

8-6 80 (551.6) 6,830

8-5 70 (482.6) 21,360

8-1 60 (413.7) 26,080
{ 8-2 40 (275.8) 276,010

8-3 30 (206.9) 673,930

8-4 20 (137.9) 14,973,000(a)

(a) Did not fail.
;
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FIGURE 39,

IN-792 POWDER METALLURGY DISK (HIP)
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CT-91-T7E70 Aluminum Alloy PM Product

Material Description

This alloy is a recent development of the Aluminum Company of
America. Formerly called MA-87, it is now finalized in composition and
has been designated CT-91. It is a powder metallurgy material designed
for good strength and fracture toughness. The material used in this
investigation was obtained from the ALCOA Research Laboratories as
1-1/2 inch by 4-1/2 inch flat bar. The heat treatment chosen for
evaluation was the -T7E70 (fracture toughness) temper.

Processing and Heat Treating

Specimens were sectioned from the bar in both longitudinal and
long transverse directions. Specimens were tested in the as-received
~T7E70 temper.

The specimen layout is shown in Figure 51.

Test Results

Tension. Results of tests at room temperature, 250 F (394 K)
and 350 F (450 K) for specimens in the longitudinal and long transverse
direction are given in Table 29. Typical tensile stress-strain curves
at temperature are presented in Figures 52 and 53. Effect-of-temperature
curves are shown in Figure 54,

Shear. Results of shear tests at room temperature, 250 F (394 K),
and 350 F (450 K) are given in Table 30. Effect-of-temperature curves are
shown in Figure 55.

Fracture Toughness. Compact tension type tests were conducted
at room temperature for longitudinal (L-T) and transverse (T-L) specimens.
Results are presented in Table 31.

Crack Propagation. Tests were performed at room temperature for
specimens in the transverse (T-L) direction, Test results are shown in
Figure 56,




Fatigue. Axial load fatigue tests were conducted at room tempera-
ture and 350 F (450 K). Test results are given in Tables 32 and 33. S-N
curves are presented in Figures 57 and 58. }
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TABLE 30. PIN SHEAR TEST RESULTS FOR CT-91-T7E70
ALUMINUM ALLOY PM PRODUCT

Specimen Shear Ultimate
Number Strength, ksi(MPa)

Room Temperature

3L-1 43,7 (301.3)
3L-2 43.7 (301.3)
3L-3 42.3 (291.6)

Average 43,2 (297.9)
3T-1 42.2 (291.0)
3T-2 42.9 (295.8)
3T-3 42.5 §293.0)

Average 42.5 (293.0)

250 F (394 K)

3L-4 35.7 (246.2)

3L-5 38.6 (266.1)

3L-6 36.3 (250.3)

! Average 36.9 (254.4)
' 3T-4 36.1 (248.9)
3T-5 37.1 (255.8)

3T-6 37.1 (255.8)

Average 36.8 (253.7)

350 F (450 K)

3L-7 31.7 (218.6)
3L-8 31.5 (217.2)
3L-9 31.7 (218.6)

Average 31.6 (217.9)
3T-7 31.1 (214.4)
3T-8 30.5 (210.3)
3T-9 31.1 (214.4)

Average 30.9 (213.1)
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TABLE 32. AXIAL LOAD FATIGUE TEST RESULTS FOR UNNOTCHED
CT-91-T7E70 ALUMINUM ALLOY PM PRODUCT

Specimen Maximum Stress, Cycles
Number ksi(MPa) to Failure
Room Temperature
8-26 75 (517.1) 3,600
8-25 70 (482.6) 6,200
8-23 65 (448.2) 6,000
8-27 62.5 (430.9) 12,800
8-22 60 (413.7) 21,800
8-28 57.5 (396.5) 20,800
8-29 57.5 (396.5) 36,100
8-30 55 (379.2) 30,900
8-24 55 (379.2) 10,000,000(a)
8-40 52.5 (362.0) 75,000
8-21 50 (344.8) 148,400
350 T (450 K)

8-31 60 (413.7) 100
8-37 50 (344.8) 500
3~38 47.5 (327.5) 1,200
§-36 45 (310.3) 11,009
8-32 40 (275.8) 61,600
8-35 35 (241.3) 226,100
8-33 30 (206.9) 508,600
£-~39 25 (172.4) 4,242,800
§-34 20 (137.9) 10,000,000(a)

(a) Did not fail.
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TABLE 33.

AXIAL LOAD FATIGUE TEST RESULTS FOR NOTCHED
(Kt = 3.0) CT-91-T7E70 ALUMINUM ALLOY
PM PRODUCT

Specimen Maximum Stress, Cycles
Number ksi(MPa) to Failure
Room Temperature
8-9 40 (275.8) 2,500
8-6 35 (241.3) 4,200
8-2 30 (206.9) 7,700
8-8 25 (172.4) 15,300
8-1 20 (137.9) 16,600
8-10 20 (137.9) 23,800
8-5 17.5 (120.7) 73,900
8-3 15 (103.4) 488,700
8-4 15 (103.4) 1,223,800
8-7 12.5 ( 86.2) 10,000,000(a)
350 F (450 K)

8-17 35 (241.3) 3,100
8-16 20 (206.9) 5,0C0
8-12 25 (172.4) 10,300
8-14 20 (137.9) 33,400
8-15 17.5 (120.7) 51,500
8-11 15 (103.4) 89,700
8-18 10 ( 68.9) 5,916,900

(a) Did not fail.
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FIGURE 58.

AXIAL LOAD FATIGUE BEHAVIOR OF NOTCHED (K, = 3.0)
CT-91-T7E70 ALUMINUM PM PRODUCT
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SECTION 11

DISCUSSION OF PROGRAM RESULTS

As stated in past reports on other Air Force 'data sheet"
programs, the tendency in an evaluation program of this type is to
compare the materials property information obtained with similar
data on materials already in use. Whether such a comparison should
be the deciding factor for interest is open to question. Many criteria
such as oxidation resistance, weldability, forming characteristics, etc.,
can be of particular importance in a particular application so that
strength properties may become secondary. However, since first compari-
sons are usually made on the basis of mechanical strength (tensile i
ultimate and tensile yield), the materials evaluated on this program
are compared to each other and to similar alloys. Figures 59 and 60 |
are effect-of-temperature curves concerned with these properties. ‘
As can be seen from these curves, the program alloys compare well
with similar materials based on these strength properties.
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SECTION III

CONCLUSIONS

The objective of this program was the generation of useful
engineering data for newly developed materials and materials manufactured
by different processes. During the contract term, the following materials

were evaluated:

(1) ALCAN 7010-T73651 plate
(2) Corona 5 plate

(3) A357-T6 casting

(4) 1IN-792 PM disk

(4) Ct-91-T7E70 PM bar.

A data sheet was issued for each material. As a summary, the
data sheets are reproduced in the Appendix.
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This data sheet was prepared by Battelle's Columbus Laboratories
under Contract F33615-78-CL-5040. The contract was initiated under Projeéect No.
7381, "Materials Applications’, Task No. 738106, "Engineering and Design Data.”
The major objectives of this program are to evaluate newly developed structural
materials of potential interest to the Air Force weapons system and, then, to
provide data-shect-type presentations of these data. The program was assigned
to the Structural Materials and Tribology Section at Battelle~Columbus under
the supervision of Mr. Stephen Ford. Project Engineer was Mr. Omar Deel. The
program was administered under the direction of the Air Force Materials Labora-
tory, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio, by
Mr. Neal Ontko, Engineering and Design Data.

Notices

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or permission
to manufacture, use, or sell any potential invention that may be in any way related
thereto.

Approved for public release; distribution unlimited.

Copies of this report should not be returned unless return is required
by security consideration, contractual obligations, or notice on a specific document.
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Alcan 7010-T73651 Aluminum Alloy

Material Description

Alloy 7010 has been developed over a number of years by Alcan
Laboratories Banbury and Alcan Plate Limited. The development aim was for an
alloy of different composition but with properties comparable to Alloy 7050
as an equivalent material for use in the Panavia Tornado program. The
composition differences are:

(1) The use of high purity base aluminum to allow control
of the iron and silicon impurities,

(2) The use of zirconium instead of chromium and/or manganese
which makes it possible to achieve higher strength in thick
section and improve exfoliation resistance, and

(3) The use of a higher copper content in order to achieve
good stress-corrosion resistance in overaged tempers.

The material evaluated was 2-inch-thick plate with the following

composition:
Chemical

Composition Percent
Zn 6.30
Mg 2.47
Cu 1.80
Zr .13
Fe .06 .
Si .05 :
Ti .01 i
Cr <.01 [
Mn <,01
Al balance

! Heat Treatment

The material was evaluated in the as-received -T73651 condition.
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Alcan 7010(3)

Condition: T-73651
Thickness: 2 in. (50.8 mm)

Temperature, F (K)

Properties RT (RT) 250  (394) 350  (450)
Tension
TUS, L, ksi (MPa) 72.3 (498.5) 58.7 (404.7) 47.8 (329.6) ,
. TUS, T, ksi (MPa) 74.1 (511.1) 60.6 (417.8) 49.7 (342.7) ;
) TYS, L, ksi (MPa) 63.2 (435.8) 55.9 (385.7) 46.0 (316.9) !
3 TYS, T, ksi (MPa) 63.6 (438.8) 57.5 (396.2) 47.1 (324.5) :
e, L, percent in
1 in, (25.4 mm) 15 (15) 14 (14) 13 (13)
e, T, percent in
1 in. (25.4 om) 12 (12) 12 (12) 14 (14)
RA, L, percent 44.7 (447 46.3 (46.3) 47.5 (47.5)
RA, T, percent 29.0 (29.0) 42.1 (42.1) 43.6  (43.6)
E, L, 103 ksi (GPa) 10.4 (71.5) 9.5 (65.7) 8.8 (60.7)
E, T, 103 ksi (GPa) 10.7  (73.8) 9.7 (67.1) 9.1 (63.0)

Compression

CYS, L, ksi (MPa) 63.4 (437.2) 56.9 (392.1) 46.6 (321.3)
CYS, T, ksi (MPa) 67.7 (467.0) 60.0 (413.9) 50.3 (346.8)
E.. L, 10% ksi (GPa) 10.0  (69.0) 9.0 (61.8) 8.3 (57.0)
E., T, 10% ksi (GPa) 10.5 (72.6) 9.1 (62.5) 8.2 (56.7)
Shear(h)
SUS, L, ksi (MPa) 43.6 (300.6) 34.6 (238.6) 28.6 (197.0)
SUS, T, ksi (MPa) 43.1 (296.9) 33.8 (233.1) 27.5 (189.6)
: Bearing(c)
e/D = 1.5
BUS, L, ksi (MPa) 117.0 (806.4) 93.8 (646.4) 79.0 (544.4)
BUS, T, ksi (MPa) 117.4 (809.1) 94.7 (692.6) 76.1 (524.4)
BYS, L, ksi (MPa) 93.0 (641.2) 79.2 (546.1) 67.3 (464.0)
i BYS, T, ksi (MPa) 92.6 (638.1) 81.1 (558.8) 67.1 (462.7)
e/D = 2.0
f BUS, L, ksi (MPa) 151.1 (1041.8) 116.0 (799.8) 93.4 (643.6)
@ BUS, T, ksi (MPa) 149.8 (1032.9) 119.8 (825.7) 93,1 (641.9)
BYS, L, ksi (MPa) 109.1 (752.2) 92.2 (635.4) 78.5 (540.9)

BYS, T, ksi (MPa) 114.2 (787.1) 95.4 (657.8) 80.2 (552.6)




ALCAN 7010 (Continued)

Temperature, F (K)

Properties RT (RT) 350 (450)
Fracture Toughness
Ky s T-L, /In, (MPa-m) 2.9 (27.4)533 yple
KIc’ L-T, vin. (MPa-m?) 29.6 (32.5) v
Axial Fatigue (Transverse)(f)
Unnotched, R = 0.1
103 cycles, ksi (MPa) 74 (510) 52 (359)
10> cycles, ksi (MPa) 58 (400) 43 (296)
107 cycles, ksi (MPa) 47  (324) 27 (186)
Notched, Kt = 3,0, R=0.1
103 cycles, ksi (MPa) 50 (345) 42 (290)
10° cycles, ksi (MPa) 18 (124) 18 (124)
107 cycles, ksi (MPa) 7.5 (52) 7.5 (52)
Stress Corrosion
K .
Iscc Values Initial, (®)
ksivin. (MPa‘m?) 34.9 (38.3) '8 U
KI c Values at ?95 hrs.,
k$§v/in. (MPa-m?) 30.1 (33.1) U

Coefficient of Thermal Expansion

12.7 in./in./F x 1078 (70 to 212 F)
22.9 m/(m-K) x 107% (294 to 373 K)

Density
0.102 1b./in.> (2.82 g/cm3)

(a) VALUES are average of triplicate tests conducted at Battelle under the

subject contract unless otherwise indicated. Fatigue, creep, and stress-

rupture values are from curves generated using the results of a greater
number of tests.

(b) DOUBLE-SHEAR pin-type specimen.
(c) MIL-HDBK-5 "clean pin" type tests.
(d) VALUES are valid per ASTM E399

{(e) U, unavailable.

(f) "R" represents the algebraic ratio of minimum stress to maximum stress in

one cycle; that is, R = § /8 . "K " represents the Neuber-Peterson
‘ in’ ‘max
theoretical stress concentration factof.

(g) Crack arrest values using Damage Tolerant Design Handbook bolt-locaded double
cantilever beam specimen. 101
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Corona 5 Titanium Alloy,
Alpha-Beta Processed

Material Description

Corona 5 is an alpha-beta titanium alloy recently developed
jointly by Rockwell International and Colt Industries under NAVAIR
sponsorship. The basic alloy was developed for fracture critical
applications in the aerospace industry. The alpha-beta processing
was chosen to allow optimization of both fracture toughness and
fatigue properties. Maximum fracture toughness alone would require
beta processing, but would also result in somewhat lower tensile
and fatigue values.

The material evaluated was supplied GFM as 2-inch-thick plate
with the following composition:

Chemical

Composition Percent
Al 4.4
Mo 5.1
Cr 1.46
Fe 0.20
C 0.065
0, 0.183
N, 0.011
H2 0.0018
Ti Remainder

Processing and Heat Treating

The plate was alpha-beta rolled from 1650 F (1172 K). The
material was then heat treated as follows: duplex alpha-beta annealed
at 1685 F (1192 K) for one-half hour plus 1525 F (1103 K) for 4 hours,
air cool, plus age at 1300 F (978 K) for 6 hours, air cool.
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Corona 5 Titanium Alloy Plate(a)

Condition: Alpha-Beta Processed
Thickness: 2 jnch (50.8 =m)

Temperature, F (K)

Properties RT (RT) 400 (478) 800  (700)
Tension
TUS, L, ksi (MPa) 138.7 (956.6) 112.3 (774.1) 97.6 (673.1)
TUS, T, ksi (MPa) 131.5 (906.7) 108.8 (750.2) 90.9 (627.0)
TYS, L, ksi (MPa) 136.5 (940.9) 99.8 (688.4) 84.3 (581.1)
TYS, T, ksi (MPa) 128.1 (883.5) 95.9 (661.2) 75.2 (518.3)
e, L, percent in 2 in. (50.8 mm) 7 «C 7)) 19 (19 ) 17 (17 ) ;
e, T, percent in 2 in. (50.8 mm) 13 (13 ) 18 (18 ) 20 (2 )
RA, L, percent 13 (13 ) 57.8 ( 57.8) 69.7 ( 69.7)
RA, T, percent 24 (24 ) 49,8 ( 49.8) 60.9 ( 60.9)
E, L, 103 ksi (GPa) 16.5 (113.8) 15.1 (104.1) 13.2 ( 90.8)
E, T, 103 ksi (GPa) 15.5 (106.9) 14.8 (102.0) 13.5 ( 93.3)

Compression

CYS, L, ksi (MPa) 142.6 (983.5)  103.0 (710.2)  79.6 (548.6)
CYS, T, ksi (MPa) 154.9 (1068.0)  110.1 (758.9)  85.9 (592.3)
Ec, L, 103 ksi (GPa) 16.5 (114.0) 14.5 (100.0)  12.7 ( 87.3)
Ec, T, 103 ksi (GPa) 17.8 (122.5) 15.5 (106.6)  13.1 ( 90.1)

Shear (b)

Sus, L, ksi (MPa) 83.1 (573.0) 72.6 (500.3)  60.5 (417.1)
SUS, T, ksi (MPa) 88.8 (612.3) 73.5 (507.0)  61.0 (420.6)

Bearing(c)

e/D = 1.5
BUS, L, ksi (MPa) 208.8 (1439.4) 182.9 (1261.1) 190.8 (1315.2)
BUS, T, ksi (MPa) 232.2 (1601.0) 195.9 (1350.7)  212.2 (1462.9)
BYS, L, ksi (MPa) 196.4 (1354.2) 155.6 (1072.9) 128.9 ( 888.8)
BYS, T, ksi (MPa) 204.5 (1410.3) 164.1 (1131.5) 133.0 ( 917.0)

e/D = 2.0
BUS, L, ksi (MPa) 269.4 (1857.3) 227.0 (1565.2) 196.8 (1356.6)
BUS, T, ksi (MPa) 299.3 (2063.9) 240.0 (1655.0) 207.2 (1428.9)
BYS, L, ksi (MPa) 238.0 (1640.8) 182.6 (1258.7) 147.6 (1017.7)
BYS, T, ksi (MPa) 251.5 (1734.1) 187.9 (1295.6) 159.8 (1102.1)

Fracture Toughness*
Kies L-T, ksi/In. (MPa.m'2) 60.5 ( 66.5)% u‘e)
Kic, T-L, ksi/in. (MPa.m'R) 59.8 ( 65.8)6) v

*Special Note: It was necessary to obtain a second piece of Corona 5 alpha-beta
processed plate of the same heat for the fracture toughness tests. Fracture toughness

i data generated from this piece was within the scatter band typical for this material

‘ as generated by Colt Industries. Room temperature tensile strengths for the additional
material were determined to be 150 ksi (1034 MPa) ultimate tensile and 143 ksi (986 MPa)
yield strength, slightly higher than previously established.
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(Continued)

Temperature, F (K)

Properties RT (RT) 800 (700)

(£)

Axial Fatigue (Transverse)
Unnotched, R = 0.1

103 cycles, ksi (MPa) 113 (779) 91  (627)
105 cycles, ksi (MPa) 88 (607) 73 (503)
107 cycles, ksi (MPa) 62 (427) 55  (379)

Notched, K¢ = 3.0, R = 0.1
103 cycles, ksi (MPa) 85 (586) 79  (545)
102 cycles, ksi (MPa) 33 (228) 45  (310)
107 cycles, ksi (MPa) 25 (172) 35 (241)

Creep (Transverse)

0.2% plastic deformation, 100 hr, NA 24 (165)
ksi (MPa)

0.2% plastic deformation, 1000 hr, NA 16 (110)
ksi (MPa)

Stress Rupture (Transverse)

Rupture, 100 hr, ksi (MPa) NA 85 (586)
Rupture, 1000 hr, ksi (MPa) NA 71 (490)

Coefficient of Thermal Expansion

6.1 in./in./F x 10-6 (RT-800 F)
11.0 m/(m-K) x 10-6 (RT-700 K)]

Density

0.164 1b/in.3
(4.539 g/cm3)

(a) VALUES are average of triplicate tests conducted at Battelle
under the subject contract unless otherwise indicated. Fatigue,
creep, and stress-rupture values are from curves generated using
the results of a greater number of tests.

(b) DOUBLE-SHEAR pin-type specimen.

(¢) MIL-HDBK-5 '"clean pin" type tests.

(d) VALUES are valid per ASTM E399.

(e) U; unavailable, NA; not applicable.

(f) "R" represents the algebraic ratio of minimum stress to maximum stress
in one cycle; that is, R = Spin/Smax- 'Kt' represents the Neuber-
Peterson theoretical stress concentration factor.
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This data sheet was prepared by Battelle's Columbus Laboratories
under Contract F33615-78-C-5040. The contract was initiated under Project No.
7381, "Materials Applications", Task No. 738106, "Engineering and Design Data.”
The major objectives of this program are to evaluate newly developed structural
materials of potential interest to the Air Force weapons system and, then, to
provide data-sheet-type presentations of these data. The program was assigned
to the Structural Materials and Tribology Section at Battelle-Columbus under
the supervision of Mr. Stephen Ford. Project Engineer was Mr. Omar Deel. The
program was administered under the direction of the Air Force Materials Labora-
tory, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio, by
Mr. Neal Ontko, Engineering and Design Data.

Notices

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or permission

to manufacture, use, or sell any potential invention that may be in any way related
thereto.

Approved for public release; distribution unlimited.

Copies of this report should not be returned unless return is required
by security consideration, contractual obligations, or notice on a specific document.




A357-T6 Aluminum Alloy Casting

Material Description

This aluminum alloy is one of the older, more widely used casting
alloys. The particular casting used for this evaluation was obtained GFM
from the Boeing Cast Aluminum Structures Technology (CAST) program (Air
Force Contract F33615-76-C-3111). Several technical reports have been
issued on this contract. These are AFFDL-TR-77-36, AFFDL-TR~78-62,
AFFDL-TR-78-7, and AFFDL-TR-79-3029. Development history and detailed
information regarding the casting is available in these documents and
is not detailed in this report.

Processing and Heat Treating

Specimens were sectioned primarily from the thicker sections
of the casting. Specimens were tested in the as-received -T6 temper.

119

& e — e




A357-T6 ALUMINUM ALLOY CASTING(a)

CONDITION: -T6
THICKNESS: VARIOUS

Temperature, F (K)

' Properties RT (RT) 250 (394) 350 (450)
Tension
TUS, ksi (MPa) 47.6 (328.2) 42.3 (291.9) 36.6 (252.6)
.. TYS, ksi (MPa) 42.0 (289.6) 36.9 (254.7) 32.5 (224.3) ]
e, percent in 1 in. (25.4 mm) 2.2 3.2 4.7
E, 103 ksi (GPa) 10.4  ( 71.7) 9.1 ( 62.7) 8.2 ( 56.5) 1

Compression

CYS, ksi (MPa) 44,4 (306.4) 38.4 (264.5) 34.3 (236.7)

Ec, 103 ksi (GPa) 10.8 ( 74.2) 9.9 ( 68.3) 8.5 ( 58.4)
Shear(b)

SUS, ksi (MPa) 33.2  (229.1) 29.3 (202.0) 25.9 (178.8)

Bearing(c)

e/D = 1.5
BUS, ksi (MPa) 79.6 (548.8) 64.7 (445.8) 58.8 (405.4)
BYS, ksi (MPa) 65.8 (453.9) 53.5 (369.1) 51.8 (356.9)
e/D = 2.0
BUS, ksi (MPa) 99.2 (683.8) 86.3 (594.8) 72.3 (498.7)
BYS, ksi (MPa) 80.8 (556.9) 67.9 (467.9) 62.8 (432.8)

Fracture Toughness

Kic, ksi/in. (MPa - m¥) 21.1 ( 23.2)(d)

d
Axial Fatigue( )
Unnotched, R = 0.1

103 cycles, ksi (MPa) 55.0 (379.2) 43.3  (298.6)
10° cycles, ksi (MPa) 25.8 (177.9) 25.8 (177.9)
107 cycles, ksi (MPa) 13.5 ( 93.1) 13.5 ( 93.1)




Temperature, F (K)
Properties RT (RT) 250  (394) 350 (450)

Axial Fatigue (€)
Notched, K¢ = 3.0, R = 0.1

g 103 cycles, ksi (MPa) 38.1 (262.7) 34.5 (237.9)
10° cycles, ksi (MPa) 21.0 (144.8) 19.5 (134.4)
107 cycles, ksi (MPa) 10.0 ( 68.9) 10.0 ( 68.9)

Coefficient of Thermal Expansion

12.0 in./in./F x 1076
(RT to 212 F)

21.6 m/(m + K) x 10-°
(RT to 373 K)

Densitz
0.097 1b/in3 (2.68 g/cm?)

(a) Values are average of triplicate tests conducted at Battelle unless otherwise
indicated. Fatigue values are from curves generated using the results of a
greater number of tests.

(b) Double-shear pin-type specimen.
(¢) MIL-HDBK-5 "clean pin" type data.

(d) Values are valid per ASTM E399,

(e) "R" represents the algebraic ratio of mininum stress to maximum stress

in one cycle; that {s, R = Spjn/Spay. "K¢" represents the Neuber- ‘
Peterson theoretical stress concentration factor.
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This data sheet was prepared by Battelle's Columbus Laboratories
under Contract F33615-78-L-5040. The contract was initiated under Project No.
7381, "Materials Applications'", Task No. 738106, "Engineering and Design Data."
The major objectives of this program are to evaluate newly developed structural
materials of potential interest to the Air Force weapons system and, then, to
provide data-sheet-type presentations of these data. The program was assigned
to the Structural Materials and Tribology Section at Battelle-Columbus under
the supervision of Mr. Stephen Ford. Project Engineer was Mr. Omar Deel. The
program was administered under the direction of the Air Force Materials Labora-
tory, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio, by
Mr. Neal Ontko, Engineering and Design Data.

Notices

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government therebv incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in anv way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conv'ying any rights or permission
to manufacture, use, or sell any potential invention that may be in anv way related

' thereto.

Approved for public release; distribution unlimited.

Copies of this report should not be recurned unless return is rveguired
by security consideration, contractual obligations, or notice on a specific document.
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IN-792 PM Disk (HIP)

Material Description

IN-792 is a nickel-base alloy developed by the International
Nickel Company primarily for high-temperature turbine disk usage. The
material evaluated on this program was supplied by the Air Force with
the information that it was a powder metallurgy product that had been
Hot Isostatic Pressed (HIP) at 15 ksi pressure at 2200 F for 4 hours
and slow-cooled. Chemical analysis data for this material was not
available.

Processing and Heat Treatirg

The disks were heat treated in accordance with the following
procedure: 2150 F/2 hours, air cool, plus 1400 F/16 hours, air cool,
plus 1250 F/16 hours, air cool.

A thermocouple was attached to the outside rim of two disks.
The four disks were then placed in a gas-fired oven and positioned as
instructed bv AFWAL.. After I hours at 2150 !, the disks were removed
from the furnace and placed in a box. To slow cool at the desired
rate (5C - 100 F/min.), an insulator (exploded mica) was immediately
poured into the box to cover the disks. When cooling fell below the
desired rate, the insulator was removed and the disks were allowed to
stand In still air until the rate fell off. A tan was then allowed to
blow circulating air over the disks to maintain the desired rate.
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IN-792 PM DISK (HIP)(a)

Condition: Heat-treated
Thickness: Various
Temperature, F (K)
Properties RT (RT) 800 (700)
Tension
TUS, ksi (MPa) 198.2 (1366.8) 189.6 (1307.3)
TYS, ksi (MPa) 158.8 (1094.9) 153.1 (1055.4)
e, percent in 1 in. (25.4 mm) .7 7.0
RA, percent .2 10.0
E, 103 ksi (GPa) 31.3  ( 215.6) 30.5  ( 210.1)
Compression
CYS, ksi (MPa) 171.0 (1179.3) 167.6 (1155.8)
Ec, 103 ksi (GPa) 32,2 ( 222.0) 30.4  ( 209.4)
Shear (P)
sus, ksi (MPa) 127.:2 ( 877.4%) 124.8 ( 860.3)
Rearing(c)
e/D = 1.5
BUS, ksi (MPa) 266.0 (1834.1) 269.2 (1855.9)
BYS. ksi (MPa) 2135.1 (1621.0) 231.6 (1596.7)
e/D = 2.0
RS kei (MDA 345, 4 (2381.0) 33,4 (2293.8)
BYR, ksi (MP2) 274, (1839.) 289 .6 (1996..5)
et Ty
i thL aMPa o m ) 20.0 (9.0 -
oL




Temperature, ¥ (K)
Properties RT (rT) 800 (700)

Axial Fatigue (e)
Unnotched, R = 0.1

103 cycles, ksi (MPa) 190 (1310.1) - -
]I? cycles, ksi (MPa) 150 (1034.2) —_— -
10 cycles, ksi (MPa) 122 ( 841.2) — —
Notched, ¥; = 3.0, R = 0.1 ‘
163 cycles, ksi (MPa) 99 ( 620.5) - -
105 cycles, ksi (MPa) 49 ( 337.9) - -
167 cycles, ksi (MPa) 20 ( 137.9) - -

1000 F (811) 1250 F (950) 1500 F (1089)

Creep i

0.2% plastic deformation, 170 ( 1172.2) 120 ( 827.4) 45 (310.3) ;

10 hr., ksi (iPa) 13

0.2% plasvic deformation, 160 ( 1103.2) -- -

100 hr., ksi (MPa) !i

o

Stress Rupture .
Rupture, 10 hr., ksi (MPa) 200 (1379.0 ) 150 (1034.3) 60 (413.7) '

Rupture, 100 hr,, ksi (MPa) 185 (1257.6 ) ~-- -~

Rupture, 1000 hr., ksi (Pa) 174 (1199.7 ) -- -

Values arce average of triplicate tests copducted at Baticlle unless
otherwioe indicated.  Yatdpue values ave {ron curves genevated using
tire results of @ ogreater punbor o test:
Foubie-shear pin-type specinen,

MLL-UDOpK=2 Ycrean pin' type tests.,

Value au valid per ASTM 1390,

"R reoresents the dipebrvoic vat oo oof wic i stres s Loomaxinun tarces
. . 4 - . - 1y . - '

in oo ovelor thar fo. Lo s‘r’:il‘/:’n.::" v reprosciits the Neuler-
Peto o von theorovical survean con ontration §ooter,
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This data sheet was prepared by Battelle's Columbus Laboratories
under Contract F33615-78-C-5040. The contract was initiated under Project No.
7381, '"Materials Applications", Task No. 738106, "Engineering and Design Data."
The major objectives of this program are to evaluate newly developed structural
materials of potential interest to the Air Force weapons system and, then, to
provide data-sheet-type presentations of these data. The program was assigned {
to the Structural Materials and Tribology Section at Battelle-Columbus under
the supervision of Mr. Stephen Ford. Project Engineer was Mr. Omar Deel. The
program was administered under the direction of the Air Force Materials Labora-
tory, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio, by
Mr. Neal Ontko, Engineering and Desiga Data.
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When Government drawings, specifications, or other dats are used for
any purpose other than in connection with a definitely related Government procure-
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nor any obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or permission
to manufacture, use, or sell any potential invention that may be in any way related
thereto.
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CT-91-T7E70 ALUMINUM ALLOY PM PRODUCT

Material Description

This alloy is a recent development of the Aluminum Company of
America. Formerly called MA-B87, it is now finalized in composition and
has been designated CT-91. It is a powder metallurgy material designed
for good strength and fracture toughness. The material used in this
investigation was obtained from the ALCOA Research Laboratories as
1-1/2 inch by 4-1/2 inch extruded flat bar. Chemical analysis data
was not available,

Processing and Heat Treating

Specimens were sectioned from the bar in both longitudinal and
long transverse directions. The heat treatment chosen for evaluation
was the -T7E70 (fracture toughness) temper.




CT-91 Aluminum PM Product(a)

Condition: -~T7E70
Thickness: 1-1/2 inch x 4-1/2 inch bar
Temperature, F (K)
Properties RT (RT) 250 (394) 350 (450)
Tension
TUS, L, ksi (MPa) 77.6  (535.1) 69.1 (476.2) 64.2 (442.9)
TUS, T, ksi (MPa) 72.6 (500.8) 66.5 (458.5) 58.7 (404.7)
TYS, L, ksi (MPa) 70.8 (488.4) 62.2 (428.9) 55.2 (380.6)
TYS, T, ksi (MPa) 63.5 (437.6) 58.3 (402.2) 52.6 (362.9)
e, L, percent in 1 in. (25.4 mm) 14.3 20.7 25.3
e, T, percent in 1 in. (25.4 mm) 10.3 17.0 21.0
,» L, 10 ksi (GPa) 10.6 ( 73.1) 9.9 ( 68.5) 8.7 ( 60.0)
, T, 10 ksi (GPa) 10.0 ( 68.9) 9.0 ( 62.1) 8.7 ( 60.0)
Shear (b)
Sus, L, ksi (MPa) 43,2 (298.2) 36.8 (254.0) 29.9 (206.3)
SUs, T, ksi (MPa) 42.5 (293.3) 36.6 (252.4) 30.9 (212.9)
Fracture Toughness(c)
Kic, L-T, ksivin. (Pa - m® 46.1 ( 50.7)
Kic, T-L, ksivin. (MPa - m%) 41.5 ( 45.7)
Axial Fatigue (Transverse)
Unnotched, R = 0.1
10° cycles, ksi (MPa) 76 (524.0) -- -- 50 (344.8)
10° cycles, ksi (MPa) 53 (365.4) - - 35 (261.3)
107 cycles, ksi (MPa) 49 (337.9) - -- 23 (158.6)
Notched, K¢ = 3.0, R = 0.1
103 cycles, ksi (MPa) 42 (289.6) -- -- 42 (289.6)
105 cycles, ksi (MPa) 17 (117.2) - - 14 { 96.5)
107 cycles, ksi (MPa) 13 ( 89.6) - - 10 ( 68.9)

(a)

Values are
indicated.

(b)
{c)

Double shear pin-type specimens.
Values are valid per ASTM E399.

-
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average of triplicate tests conducted at Battelle unless otherwise
Fatigue values are from curves using a greater number of tests.
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